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Abstract 
The physical characteristics of the multilayer scintillation spectrometer (MSS) for identification and energy measurement of 
cosmic electrons, positrons and nuclei are considered in this paper. This spectrometer is made on the basis of several plastic 
scintillator plates with various thick viewed by photomultipliers. Two upper layers are strips of orthogonal scintillators. The 
nuclei energy measurement range is 3 – 100 MeV/nucleon. Spectrometer is planning for space weather monitoring and 
investigation of solar-magnetospheric and geophysics effects on satellite. MSS time resolution is about 1 microsecond and it can 
measure the time profiles of fast processes in the Earth's magnetosphere. Spectrometer experimental characteristics were 
estimated by means of computer simulation. The ionization loss fluctuations, ion charge exchange during pass through detector 
and, especially, scintillation quenching effect (Bircs effect) were taken into account in calculations. 
     Multilayer structure of spectrometer allows: 
1.) Ions mass identification for hydrogen and helium isotopes 
2.) Ions charge identification without mass identification for nuclei from lithium to oxygen 
  The evaluation of the energy distribution of the nuclei may be obtained as from the analogous information from detectors of the 
spectrometer and from the estimation of experimental distribution of nuclei ranges in detectors material, based on the results of 
identification. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility ofthe National Research Nuclear University MEPhI (Moscow Engineering Physics Institute). 
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1. Introduction 
Multilayered detector structures, based on semiconductor detectors (SCD - telescopes), are widely used as in  
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the accelerator experiments [1 – 3] and in cosmic particles investigations [4]. A characteristic feature of SCD 
telescopes is that to identify the charge and mass of the nuclear it must stop in the SCD - telescope sensitive volume, 
pre-flying through at least two detectors. In the [4] is described one of the methods of identification of the nuclei 
charge and mass, ranging from hydrogen to iron. The advantage of this technique is the accurate measurement of 
charge particle energy, which is determined as by physical features of SCD and by its high energy resolution (10-
20 keV). The disadvantage of SCD - telescopes is the limitation on the energy range of the studied nuclei. The lower 
bound is determined by the total thickness of the first two detectors of the telescope, which usually does not exceed 
100 μm. The upper limit is determined by the maximum total thickness of the detectors in the telescope, which is 
related to the thickness of the used detectors. The most widely used are silicon surface barrier detectors. Their 
thickness rarely exceeds 1 to 2 mm. Thus, the maximum stoppings range in such structures actually less than 2 cm 
of silicon. On the other hand, the advantage of surface-barrier SCD is a high reliability, the lack of insensitive 
("dead") layers and the ability to create on the their basis the position sensitive structures, such as strip detectors. All 
these positive qualities were realized in the experiment MONICA [4]. 
The drawback of using the telescoping structures based on SCD in space experiments is an upper limit on the 
energy of the detected nuclei and practical impossibility of the high aperture spectrometer creation. This is due to 
technological constraints on the maximum thickness and the area of the SCD. 
The obvious way is to replace SCD by plastic scintillators. Immediately solves the problem of the spectrometer high 
aperture and removed the limitations on the maximum energy of the detected nuclei. Slightly worse energy 
resolution of the scintillator spectrometers don’t plays a significant role, as in space experiments, as a rule, is not 
needed the study of narrow structures in the particle energy distributions. 
The determinative limiting of plastic scintillator usage in telescopic layered detector structures, similarly to SCD 
telescopes technique, is the scintillation quenching effect (Birks effect). It consists that with particle ionization 
density increase the scintillator light yield reduces [5].  That is the rise of particle stopping power - dE/dX leads to 
reduction of the corresponding specific light yield - dL/dX. In the simplest case this dependence can be presented in 
the form of 
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Where C - a normalizing constant, and  kb – Birks factor. For various organic scintillators types this factor varies 
in a range 0.8u10-2 ÷ 1.6u10-2, MeV × g/cm2.   
The scintillator conversion efficiency dependence from particle stopping power is usually experimentally 
investigated: 
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In the second line of table 1 the experimentally measured values of K for various stopping powers for NE102 
(ɋ9ɇ10) scintillator are presented [7]. 
 
Table 1. The experimentally measured values of K for various stopping powers for NE102 (ɋ9ɇ10) scintillator. 
dE/dX, 
MeVucm2/g 
10 20 40 80 100 200 400 800 1000 2000 3000 6000 10000 
K, % exp. 
 
92 89 84 69 67 59 50 36 33 23 22 18 12 
 
The magnitude of the scintillation quenching effect shows data, taken from Ref [5]. If for protons with energy of 
43.3 MeV integral conversion efficiency of NE213 scintillator (SN) is 79%, for 4He nuclei with energy of 46.3 MeV 
- 37%. It is obvious that in layered spectrometer, based on plastic scintillators, the nuclei identification method, used 
in the experiment MONIKA [4], is not applicable even for protons. 
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2. The multilayer scintillation detector 
In this paper, we discuss the model of the multilayer scintillation spectrometer (MSS) which consists of a stack of 
several scintillation plates with thickness of 5 and 10 mm. The material of these plates is polystyrene. The number 
of layers is determined by the required energy range of the spectrometer. Each of detectors is viewing by 
photomultiplier. The approximate scheme of the MSS is presented on Fig.1. Two upper layers (C1, C2) are strips of 
orthogonal scintillators. Such assembly provides required angular resolution. The rest of the spectrometer is a 
pyramidal structure, consisting of separate scintillator plates with appropriate geometrical parameters. All 
scintillators have high transparency (attenuation length L ~ 2 m), good conversion efficiency and short decay time 
(about 3 ns). Such MSS constriction, as we expect, will enable as to identify type of registered particle and to 
determine its energy. 
Discussed MSS refers to the total absorption spectrometers. Therefore, the recorded particle must stop in the 
spectrometer sensitive volume. 
To pre-identify electrons and heavy particles (proton and light nuclei) energy losses in C1, C2 detectors are used. 
Detected electrons are relativistic particles so their energy deposition is much smaller than proton energy deposition 
(detected protons are non-relativistic). The lower energy deposition threshold is chosen so to reduce the 
photomultipliers noise (Fig.2). The choice of the upper energy deposition threshold is determined by the condition 
of electrons and protons. The lower threshold is chosen on 0.1 MIP (minimum ionization particle, A0 on the figure) 
level, which corresponds to the ALTh amplitude, the upper threshold is chosen on 2.5 MIP level, which correspond to 
the AUTh amplitude. We adjust the upper level to identity electrons and protons with probability of imitation better 
than 1% [5, 6]. 
Positrons can be identified by event topology studying. Their energy losses are the same like for detected 
electrons, but after stopping positron annihilates with two J-s (energy - 511 keV) creation. These J-s can interact 
with other MSS detectors. If one of J moves in the same direction like positron we can determine this event (Fig 1). 
Topology of such events is described by the following formula: C1×C2×C3×Cn×( the absence of Cn +1)×Cn+2 , where 
Cn is a Boolean variable equal to 0 if the energy loss in the n-th detector is below of the selected low threshold 
(ALTh), and it is equal to 1 if the loss threshold is higher of ALTh. The maximum efficiency of positrons registration 
for considered MSS is estimated about of 20%. 
For J-ray registration detector C1 is used as anticoincidence detector. Then MSS detects secondary particles 
(electron-positron pairs) which are created as a result of J interaction with the detector C1 material. Therefore C1 
detector should have good efficiency. Efficiency of each layer is ~ 99.9%, for charged particles. Efficiency of J-ray 
detecting is about 2%.  
 
 
Fig. 1. Scheme of MSD. Examples of particle identification. Fig. 2. Identification of electrons/positrons and protons. 
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3. Computer simulation of particle registration by MSS 
In order to evaluate the possibility of layered plastic scintillatior spectrometer, using the computer simulations of 
nuclei ranging from hydrogen to fluorine registration by described above structure was carried out. The energy 
range was determined by the requirement of particle stopping in layers 3-9. Contribution to the relative energy 
resolution for a single layer from spectrometric tract was evaluated experimentally. For small values of light output 
(less MIP) it was 5 - 10 %. For energy loss in the layer is greater than 2 MeV it was taken to the value of 1%. This 
value is used most often for nuclei heavier than the Triton. 
For computer simulation was used the program, which have been widely used in the of experimental results from 
two-arm layered semiconductor spectrometer processing [1]. The path of the particle in the layer is divided into 
segments, for which the particle stopping power do not change by more than a predetermined amount (e.g. 5%). On 
each segment the energy loss with its fluctuations regard is determined by. The energy loss of particles in the layer 
is defined as the sum of the energy losses on these segments. Unlike the original program, on each segment in 
addition to the energy loss was calculated the light output in energy equivalent units. It, as mentioned above, 
depends on particle stopping power. In the program for the calculation of the conversion efficiency K is used the 
following expressions: 
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 MeV g-1cm2 and ȡ - scintillator density.  
For the nucleus charge greater than one, the coefficient C1 is replaced by C1’§0.5714×C1. The coefficients C1 and 
C2 depend on the scintillator type. For MSS simulation the values C1=0.013 g MeV-1 cm-2 and C2=9.6 have been 
used. In our program the conversion efficiency for dE/dx < 20 MeV cm2/g was considered by the formula (3), and 
for dE/dx>20 MeV cm2/g was taken from the approximation of the values from the overview [7]. It should be noted 
that this option is the most optimistic from the point of view of maximum conversion efficiency. 
Fig. 3(a) shows the simulated scatter plot of energy losses in detector the particle is stopped (X - dEstop) and 
energy loss in previous detector (Y - dEstop-1) for hydrogen isotopes. As can be seen from the presented distribution, 
there is a clear localization of the events, responsible for the proton, deuteron and triton registration. 
 
 
Fig. 3 - a.) Scatter plot of energy losses in detector the particle is stopped (X - dEstop) and energy loss in previous detector (Y - dEstop-1) for 
hydrogen isotopes. b.) scatter plot of light yield in detector the particle is stopped (X - dEstop) and light yield in previous detector (Y - dEstop-1) for 
hydrogen isotopes. 
 
Fig. 3b shows the same distribution but for really registered light yield (in units of equivalent energy). As can be 
seen, the general character of the distribution remains the same and the ability to identify hydrogen isotopes is 
maintained. Nevertheless, it is obvious, the effect of scintillations quenching, which leads to convergence on scatter 
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plot of the regions of localization of events with protons, deuterons and tritons registration. 
Fig. 4 shows a similar distribution for simulated events registration of helium isotopes. 
 
Fig. 4 - a.) Scatter plot of energy losses in detector the particle is stopped (X - dEstop) and energy loss in previous detector (Y - dEstop-1) for stable 
helium isotopes. b.) scatter plot of light yield in detector the particle is stopped (X - dEstop) and light yield in previous detector (Y - dEstop-1) for 
stable helium isotopes. 
 
The influence of scintillations quenching effect has increased, but still remains the possibility of eventual 
identification by mass of neighboring helium isotopes. At least there remains a possibility of rather good estimation 
of integral outputs for the neighboring isotopes of helium on such distribution. Fig. 5 shows the mass isotopes 
identification for the nuclei with Z=2 - 6. The scatter plot of the registered light yield in units of equivalent energy in 
stop detector and the previous detector for nuclei from helium to carbon is presented. For each nucleus are presented 
two neighboring isotope. It is evident, that the isotope 7Li and 6Li impossible to separate neither at the level of 
individual events nor at the level of estimation of their relative yields statistically. However, unambiguous 
identification of the nucleus charge still remains. Finally, Fig. 5 demonstrates the limitation on nuclei charge 
identification by multilayer scintillation spectrometer. It presents scatter plot similar to it on Fig. 5 for nuclei charges 
Z=5 - 9. It is seen, that unambiguous nuclei charge identification by means of proposed method is problematic 
already for charges Z > 6. Identification branches of oxygen and fluorine is already heavily overlapped. It is 
probably possible to estimate the ratio of the integral outputs of nitrogen, oxygen and fluorine. But for charges of 
nuclei Z > 9 multilayered spectrometer consisting only of plastic scintillators becomes useless. 
 
  
Fig. 5 Simulated identification plots for various nuclei, detected in a multilayer scintillator spectrometer 
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Fig. 6 Integrated conversion efficiency depending on the particle energy for various nuclei, detected in a multilayer scintillator spectrometer 
(Simulation results). 
 
From the point of view of the possibility of using analog signals of spectrometric electronics of MSS 
spectrometer not only for identification of the detected nuclei, but also for determination of their energy, is of 
interest the ratio of energy, transferred to scintillation to the total energy of the particle - the integral conversion 
efficiency. Its dependence from detected particle energy for hydrogen and helium isotopes is presented in Fig. 6. 
We think, for this group of nuclei is still the possibility of introducing of the correction factors for each detector, 
to estimate real energy loss in it from detected light yield. The detected particle energy may be obtained by summing 
of the energy loss in each detector of the spectrometer. 
In general terms, the method of the MSS experimental material processing is as follows: 
1.) It is determined detector, in which particle stops. 
2.) It is built the scatter plot of light yield from this detector and from previous it (identification plot). The particle 
mass and/or charge identification performs. 
3.) The particle energy estimation by light yields from detectors attempts. 
4.) The particle range in scintillator estimation by stop detector number and previous detectors thicknesses is 
performed. The particle energy estimation is obtained by means of comparison of range estimation and range versus 
energy dependence for identified particle.  
The identification range of the mass is hydrogen and helium. The range of the unambiguous identification of 
charges is up to oxygen, inclusive. It should be noted that the presented method for large particle charges strongly 
depend on the values of the conversion efficiency at high stopping power (greater than 1000). Therefore, in addition 
to a pre-calibration and spectrometer parameters investigation it needs the clarification of the conversion efficiency 
of the used scintillator. 
We offer the following list of actions during the preparation of the experimental setup for research: 
1.) The measurement by each MSS spectrometric channel, including detector, of the response to energy losses from 
cosmic muons, who’s stopping power value is known as minimal stopping power. 
2.) The measurement by each MSS spectrometric channel, including detector, of the response to energy losses from 
conversion electrons sources (for example 207Bi). 
3.) The scintillation quenching effect for these particles is negligible. Thus two procedures, mentioned above, will 
provide the material as for real energy loss calibration of spectrometric channel, including detector, in energy range 
up to a3 MeV and for calibration of special light sources with adjustable light intensity. 
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4.) Subsequently these light sources will be used instead the particle sources for light yield (in equivalent energy 
units) calibration of spectrometric channel, including detector, in energy range above a3 MeV. 
5.) The measurement by each MSS spectrometric channel, including detector, of energy losses from D- particle 
sources (for example 238Pu, 226Ra).   
6.) The measurement by each MSS spectrometric channel, including detector, of the response to calibrated light 
sources with adjusted intensity in equivalent energy units, equal to above sources D- particle energies 
The comparison of the results of these measurements gives information about MSS scintillator conversion 
efficiency for appropriate stopping power values range (for D- particle energies of these sources). 
It should be noted that due to the lack of ions with Z > 2 sources with a fixed energy it is impossible previously to 
investigate MSS scintillator conversion efficiency throughout the required range of stopping power. 
The methodology, which allows selecting of the events with the registration of a particle with known charge and 
energy, distributed in a fairly narrow range, during processing of the experimental material, can be implemented. 
This will allow the investigating of the MSS scintillator conversion efficiency dependence from stopping power in 
the range of its high values.  
 
4. Conclusion 
Layered spectrometer based on plastic scintillators can provide identification of isotopes of nuclei for 1 < Z < 2, 
to charge without identifying the mass of the isotopes for 3 < Z < 7-8. Evaluation of the energy distribution of the 
nuclei is obtained from the experimental distribution of their runs. 
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